and free-text alerts can be sent to any cell phone in real time when SMBG is performed. Participants randomized to this strategy were encouraged to use the Telcare blood glucose meter for the duration of the study, regardless of their mode of insulin delivery. The study CDE, CNP reviewed all SMBG data weekly. Participants were sent messages by phone or by direct messaging via the Telcare System with care recommendations. If possible, telephone or text message contact was made directly with the adolescent participant.
Family-centered goal setting strategy-Adolescent-parent pairs randomized to this approach met with a health educator, in addition to a CDE, and a board-certified pediatric endocrinologist at the randomization visit and the 3-month follow-up visit for approximately 30 minutes. Family-centered goals were discussed and ultimately chosen utilizing motivational interviewing techniques taking into account the child's age, maturity level, and desires of both the adolescent and the parent. We utilized a goal-setting tool specifically designed for this study (Appendix). Suggested categories of goals to address were: (1) frequency of SMBG, (2) giving bolus insulin according to diabetes care team recommendations, (3) self-adjustment of insulin, (4) parental nagging and oversight, and (5) frequency of contact with the diabetes care team.
Combined approach-This intervention arm received both the HIT-enhanced SMBG strategy and the family-centered goal setting strategy.
| Data analysis
The sample size estimation for this pilot study was based on the primary outcome of interest, change in HbA1c at 6 months from baseline. The mean number of SMBG tests by treatment group at baseline, 3-month, and 6-month time points were secondary outcomes. For evaluation of the longitudinal change in outcomes measures in individuals by treatment we had over 90% power to detect a HbA1c difference of 0.5 AE 0.8% from baseline to 6 months among individuals (paired t-test, α = .05). For evaluation of treatment group differences for the 3 treatment arms we had 80% power to detect a HbA1c difference of 0.5 AE 0.5% (one-way analysis of variance
[ANOVA], α = .05). We modeled the longitudinal changes in HbA1c and frequency of SMBG at 6 months from baseline. Differences between treatment groups were evaluated using ANOVAs for continuous variables and χ 2 tests for frequencies. Changes within patients over time were evaluated using paired t tests.
| RESULTS
One hundred twenty-eight participants enrolled; 102 completed runin and presented for randomization. Five participants were withdrawn at the baseline visit because of not having the consenting parent/ guardian with them, or because of a change in health/treatment status. Ninety-seven participants completed the baseline visit following the 3-month run-in. Adolescents and parents attended clinic at 3-month intervals during the 6-month intervention (Figure 1 ).
Baseline characteristics of these participants are shown in Table 1 . There were equal numbers of males and females; the study population was predominately white, non-Hispanic. Intervention groups were similar for age, sex, and race/ethnicity. Despite randomization, the mean HbA1c at baseline for the combined approach participants was higher than the other groups (10.1 AE 2.1% vs 9.0 AE 1.6% and 9.0 AE 1.9% in the HIT-enhanced SMBG and familycentered goal setting groups, P = .03) even though the HbA1c was similar for all groups prior to run-in.
The mean HbA1c by treatment group at baseline, 3-month, and 6-month time points are shown in Table 2 . Participants in the group assigned to HIT-enhanced SMBG had no change in mean HbA1c over the course of the intervention. Participants in the group assigned to family-centered goal setting had a non-significant decrease in HbA1c of −0.3% (P = .26) from baseline to 6 months. Participants in the combined approach had a significant decrease in HbA1c of −0.6% (P = .02) from baseline to 3 months, but the decrease of −0.4% at 6 months was non-significant (P = .51).
The change in HbA1c from baseline to 3 months was greater for the combined approach than for the HIT-enhanced SMBG (P = .05)
or family-centered goal setting (P = .01) ( Figure 2 ). However, when this was adjusted for baseline HbA1c, there was no significant The mean number of SMBG tests by treatment group at baseline, 3-month, and 6-month time points are shown in Table 2 . There was no significant change in the mean number of SMBG tests during the intervention in any of the groups, and no group differences in change in SMBG over time. Participants verbally endorsed not having the meter charged at all times, and loss of cellular signal in some areas that interrupted data sharing.
Characteristics of participants with a HbA1c decrease of at least 0.5%, compared with those with no improvement, are shown in Table 3 . Higher levels of HbA1c prior to beginning run-in and at the baseline visit were associated with an improvement in HbA1c at the 6-month time point.
| DISCUSSION
In this study, we compared 3 pragmatic strategies for improving SMBG in adolescents: (1) an HIT-enhanced SMBG strategy that utilized shared blood glucose records among patients, their parent, and health care providers and provided feedback via text messaging; (2) a family-centered goal setting strategy; and (3) a combination of both Combining HIT-enhanced SMBG with family-centered goal setting led to superior 3-month outcomes. However, this was complicated by the fact that participants in this arm had higher HbA1cs to begin with and so regression to the mean may have played a role in reducing the HbA1c. Nevertheless, we included a 3-month run-in period to account for this potential. We anticipated that HbA1cs might improve in patients who agreed to participate in a clinical trial, even without a specific intervention, and all 3 groups were therefore exposed to a 3-month run-in.
Some prospective cohort studies using HIT-enhanced SMBG and text messaging 5 or multimedia and text messaging alone 6 have shown improvement in glycemic control in adolescent youth. However, other prospective cohort studies using mobile applications with mobile health technology +/− text messaging have shown no significant improvement in glycemic control. [7] [8] [9] [10] There have been few randomized-controlled trials of the use of mobile technology in adolescents and these trials have measured very short-term outcomes (less than 3 months). Berndt et al evaluated a mobile diabetes management system with connectivity to health care providers (n = 68).
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After 4 weeks, patients using the system had lower mean HbA1c compared with baseline, but there was not a difference between intervention and control group outcomes. Markowitz et al used text messaging to send tailored reminders and motivational messages to patients (n = 90) and found no difference in change in HbA1c after 4 weeks between intervention and control patients. 12 A previous study using HIT-enhanced SMBG in adolescents has also shown no superiority in using a traditional glucose meter for HbA1c or mean daily SMBG measures. 13 In the case of assignment to the HIT-enhanced SMBG intervention in our study, some caregivers verbally expressed feelings of relief that someone else would be looking at the SMBG values and texting the child, without action on their part. This might have influenced the outcomes of patients assigned to the HIT-enhanced SMBG intervention alone. Additionally, verbal feedback from adolescents included that they did not like frequently charging the blood glucose meter, and this played a role in declining frequency of SMBG when using the HIT-enhanced SMBG system.
Family conflict around diabetes self-care and SMBG commonly occurs when adolescents fail to meet parental expectations or vice versa. Hilliard et al reported that higher adolescent-reported family conflict is negatively associated with both mean daily SBMG and HbA1c among adolescents. 3 We hypothesized that a clinic-based intervention to identify short-term goals for both the patient and the parent, and putting these into a written plan would allow for a 2-way street for prioritizing patient-and family-centered objectives. Selfdetermination theory predicts autonomous reasons for engaging in a behavior lead to more outcomes that are positive. 14 Thus, each adolescent-parent pair developed autonomous and family-centered goals. This process has the potential to help parents and adolescents better deal with the 2 conflicting sets of tasks referred to in the miscarried helping model 1 : parents taking responsibility for management and adolescent feeling "controlled," and 2 parents helping their child take developmentally appropriate steps in managing their own health. 15, 16 We found that this intervention alone did not lead to significant improvement in HbA1c at 3 or 6 months. We suspect that ongoing family goal-setting would be beneficial, and family-based counseling is necessary to impact diabetes control in adolescent youth when family conflict is significant.
Strengths of this study include the randomized-controlled prospective design and the 3-month run-in period. We included a run-in to try to negate the positive effect that participation in a clinical trial can have on HbA1c, regardless of the intervention. The comparativeeffectiveness nature of the trial, performed in a real-world clinicbased setting is a strength. Weaknesses of the study include being underpowered for some of the analyses comparing group differences.
The sample size estimation for the study was based on change in HbA1c at 6 months with patients serving as their own controls. We
were not able to tailor automatic text messages to youth using the Telcare System and so a person (CDE, CNP) was required to individualize recommendations based on SMBG readings. Moreover, feedback on SMBG was not given immediately by health care providers because of lack of personnel and resources. The family-centered goal setting intervention likely would have benefitted from a clinical psychologist in the clinic setting to provide family-centered therapy when needed, but resources were inadequate to provide this option.
In conclusion, our data support that utilizing the family-centered goal setting strategy when implementing HIT-enhanced diabetes technology deserves further study. It may be particularly useful in patients with higher levels of HbA1c. Family-centered goal setting and family counseling could be useful when adolescents are adopting new technology to get optimal clinical results.
